OBJECTIVE To compare the effects of 2 target temperature regimens on long-term cognitive function and quality of life after cardiac arrest.
Targeted temperature management (TTM) has been implemented as a neuroprotective treatment for comatose CA survivors after reports of improved survival 10 and neurologic function. 10, 11 The TTM trial compared 2 temperature management regimens, 33°C and 36°C, after out-of-hospital CA of presumed cardiac cause in adults. It found no differences in mortality or the composite outcome of death and poor neurologic function at 6 months. No difference was found in the distribution of CPC and mRS scores between the 2 intervention groups. 12 This report is an exploratory analysis of cognitive function and quality of life in the CA population included in the TTM trial using performance, observer-reported, and patient-reported measures.
Methods

Trial Design
The TTM trial was a parallel group randomized clinical trial performed in 36 intensive care units in Europe and Australia. The trial rationale, design, statistical analysis plan, background characteristics of patients, intervention performance, and main outcomes have been previously published. [12] [13] [14] Ethics committees in all countries approved the protocol. The trial protocol is reproduced in Supplement 1.
Patients
We consecutively screened unconscious (Glasgow Coma Scale score <8) adults (≥18 years of age) admitted to the hospital after out-of-hospital CA of presumed cardiac cause with sustained return of spontaneous circulation. The main exclusion criteria were an interval from return of spontaneous circulation to screening of more than 240 minutes, unwitnessed CA with asystole as the initial rhythm, suspected or known acute intracranial hemorrhage or stroke, and body temperature less than 30°C (for all exclusion criteria see the eAppendix in Supplement 2). Waived and delayed and/or written informed consent from a legal surrogate and written consent from each patient regaining mental capacity were obtained according to national requirements.
Randomization, Masking, and Intervention
Eligible patients were randomly assigned 1:1 to TTM at either 33°C or 36°C. 12 Health care professionals caring for trial patients were not masked to the intervention assignment because of inherent problems with masking of body temperature. However, they were instructed not to discuss allocation temperature with the patients' relatives, although body temperature measurements were not actively concealed. Physicians performing neurologic prognostication and assessors of outcomes were masked. For details of the intervention, see the eAppendix in Supplement 2.
Clinical Outcome Assessment
Patients alive after discharge from hospital and their relatives were invited to a structured follow-up assessment 6 months after the CA. Patients and relatives not able to attend were invited to be tested in their residence. If absolutely required, interviews were conducted by telephone. A central coordinator (G.L.) continuously monitored follow-up and maintained contacts. Outcome was assessed from 4 perspectives: clinicianreported measures, performance measures, observer-reported measures, and patient-reported outcome measures. Clinicianreported measures were the previously used 12 ordinal scales for neurologic (CPC) 15 and overall outcome (mRS). 16, 17 Performance measures were the Mini-Mental State Examination 18 (MMSE) for cognitive function and the MMSE Adult Lifestyles and Function Interview (ALFI) for patients assessed over the telephone.
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The observer-reported measure of cognitive function was the Informant Questionnaire of Cognitive Decline in the Elderly (IQCODE). 20 The patients reported their level of daily function and mental recovery through Two Simple Questions 21 and their health-related quality of life with the Medical Outcomes Study 36-Item Short Form Health Survey, version 2 (SF-36v2). 22 For details of the tests, see eTable 1 in Supplement 2. The MMSE scores general cognitive function on a scale of 1 to 30, with higher being better. The MMSE-ALFI was adapted for telephone interview and has a maximum score of 22. The MMSE scores of patients tested with the MMSE-ALFI were estimated by multiple imputation (see below) and this score included in the analyses. Although not validated in this specific patient population, the MMSE has been used in studies 23, 24 of survivors of CA. The MMSE can detect moderate to severe cognitive decline of any cause but is less sensitive for mild cognitive impairment. 23 The serial 7's task, primarily used in our study, increased this sensitivity.
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To our knowledge, the IQCODE, a questionnaire for a patient's relative or close acquaintance, has not been used previously in CA studies. The IQCODE is validated for testing for dementia. The informant is classically asked to compare the patient's current status with that of 10 years before, but some studies 20, 25 have used a shorter time frame. The scale ranges from 26 to 130, with lower scores indicating better function and a score of 78 suggesting no change. We adapted the IQCODE by asking informants to compare the present status of the patient with that before CA. The Two Simple Questions have been previously adapted for use in studies of survivors of cardiac arrest from original research on the effects of stroke and correlates well with more extensive tests. 21 If the answer to question 1, "In the last 2 weeks did you require help from another person for your everyday activities?" is yes, another question, "Is this a new situation following your heart arrest?" is posed. If the answer to the ad-ditional question is no, patients are grouped with those who answered no to the original question. Question 2 is "Do you feel that you have made a complete mental recovery after your heart arrest?" The SF-36v2 is an extensively used broad generic health status assessment. The SF-36v2 scores are calculated using the Quality Metrics Health Outcomes Scoring Software, version 4.5 (QualityMetric Inc) and presented as norm-based T scores. T scores from the 8 domains are used to calculate 2 overall measures of health: the mental component summary (MCS) scores and the physical component summary (PCS). Prespecified continuous, binary, and categorical values for the assessments are presented in detail in eTable 1 in Supplement 2.
In the primary analyses that included all patients (modified intent-to-treat population), nonsurvivors are assigned the worst possible score for the performance and observerreported measure: 0 for the MMSE and 130 for the IQCODE. Patient-reported outcomes are only analyzed for survivors.
Statistical Analysis
The detailed statistical analysis plan of this study is available at www.ctu.dk. The TTM trial included 950 patients, achieving the required sample size estimation performed for the primary outcome of survival until the end of the trial. Eleven patients were excluded from analysis for a total sample size of 939. The outcomes presented in this article were not part of the original power calculations and therefore defined as exploratory and hypothesis-generating.
14 Post hoc power calculations were performed to describe the minimally detectable differences for each test (eAppendix in Supplement 2). The primary analyses in this material were performed on a modified intent-to-treat population, defined as all patients randomized except those for whom consent was withdrawn for use of all trial data and those not fulfilling inclusion criteria and never receiving the intervention.
14 Proportions are reported as number (percentage), normally distributed continuous data as mean (SD), and nonnormally distributed data as median (interquartile range [IQR] ). Continuous, binary, and ordinal quantities are compared between the intervention groups using the WilcoxonMann-Whitney test, χ 2 test, and Cochrane-Armitage test for trend, respectively. Missing data for MMSE, IQCODE, Two Simple Questions, PCS, and MCS were imputed using 10-fold multiple imputation, including the variables age, sex, time to return of spontaneous circulation, initial rhythm (shockable or not), circulatory shock on admission (or not), randomization code, CPC score at hospital discharge, CPC score at follow-up, mRS score at follow-up, IQCODE score, MMSE score, MMSE-ALFI score, Two Simple Questions 1 and 2 responses, MCS score, PCS score, and site category. Category 1 comprises the 2 sites enrolling the largest number of patients, and category 2 comprises the rest. All analyses and results in this article are from the imputed data set (eTable 2 in Supplement 2). SAS statistical software, version 9.3 (SAS Institute Inc), and SPSS statistical software, versions 17.1 and 22 (SPSS Inc), were used for all analyses. All tests are 2-sided, and P < .05 is considered to identify possible hypotheses to be tested prospectively.
Results
Patients
A total of 950 patients were enrolled from November 11, 2010, through January 10, 2013. The last follow-up was performed July 13, 2013. Eleven patients were excluded from analysis for a total sample size of 939. The modified intent-to-treat group consisted of 473 patients assigned to 33°C and 466 assigned to 36°C (Figure) . 12 At follow-up, 245 were alive in the 33°C group and 246 in the 36°C group, with 229 (93.5%) and 226 (91.9%), respectively, participating in the structured examination. Twelve patients in the 33°C group and 18 in the 36°C group were unable or refused to participate, and 4 and 2 patients, respectively, were lost to follow-up (Figure) .
The patients alive at follow-up were similar in known prognostic baseline variables, occupational status, and place of stay, but more patients in the 33°C group had less than 12 years in school (P = .002) ( Table 1) . A total of 90.3% of survivors had returned to their home, but the fraction of patients working full or part time had decreased from 50.8% before arrest to 31.6% at 6 months after the CA, similar between groups (Table 1) .
Outcomes
Median time from CA to follow-up was 186 days (IQR, 179-200 days). Follow-ups were performed face-to-face in 92.1% and by telephone in 7.9%. The Two Simple Questions and SF-36v2 were completed by 92.3% and 91.0% of survivors, respectively, and by proxies in 7.7% and 7.1%. The IQCODE, MMSE, and MMSE-ALFI were completed for 88.6%, 86.2%, and 6.1% of survivors. For the IQCODE, 74.8% of the observers were living with the patient at follow-up (eTable 3 in Supplement 2). Of those not living together, 73.0% met the patient at least once a week. Factors that potentially influenced neurologic assessments included neurologic disease, prearrest memory problems, dyslexia, and problems with hearing, vision, or speech without difference between the 2 intervention groups (eTable 4 in Supplement 2).
Performance Measures
For all patients, including nonsurvivors, the median MMSE score was 14 (IQR, 0-28) and 17 (IQR, 0-29) in the 33°C and the 36°C groups (P = .77), respectively. The median MMSE score for survivors was within the reference range and similar in the 33°C and 36°C groups (median, 28; IQR, 26-30; and median, 28; IQR, 25-30; P = .61). In an analysis of MMSE scores by category, no difference was found between the 33°C and 36°C groups (P = .94).
Observer-Reported Measures
The median IQCODE score for all patients, including nonsurvivors, was 115 (IQR, 79-130) and 115 (IQR, 80-130) (P = .57), respectively. The median IQCODE score for survivors was within the minor decline range in both groups: 79.5 (IQR, 78.0-85.9) in the 33°C compared with 80.7 (IQR, 78.0-86.9) in the 36°C group (P = .04) ( Table 2) . In an analysis of IQCODE scores by category, no difference was found between the 33°C and 36°C groups (P = .32) ( Table 3) .
Patient-Reported Measures
When patients were asked the first of the Two Simple Questions, no difference was found in the percentage of patients with an increased need for help in activities of daily living, with 46 (18.8%) of 245 and 43 (17.5%) of 246 in the 33°C and the 36°C groups, respectively (P = .71). When asked the second of the Two Simple Questions, 164 (66.9%) of 245 and 152 (61.8%) of 246 in the 33°C and the 36°C groups, respectively, thought they had made a complete mental recovery (P = .32).
The mean (SD) mental component summary score of the SF36v2 was 49.1 (12.5) for survivors in the 33°C group compared with 49.0 (12.2) in the 36°C group, with no between-group difference (P = .77). The mean (SD) PCS scores were 46.8 (13.8) and 47.5 (13.8) in the 33°C and 36°C groups, respectively (P = .44).
The mean MCS and PCS scores were within or very close to the reference range of the general population norm (score, ≥47). Complete case analyses and post hoc power calculations for the minimal detectable differences per outcome are available in the eAppendix and eTables 5 and 6 in Supplement 2.
Discussion
Using a structured long-term follow-up of performance, observer-reported, and patient-reported outcome measures in the TTM trial, we found no differences between patients receiving TTM at 33°C vs 36°C. Cognitive function measured by MMSE and IQCODE was similar, and in accordance, the proportion of survivors who needed help with their activities of daily living and who considered themselves mentally recovered were also similar. Self-rated quality of life using the SF-36v2 was almost identical in the 2 groups. These findings are concordant with our previous report using 2 recommended clinician-reported discriminators, CPC and mRS. 12 Despite survival rates after CA more than doubling between early neuroprotective trials of thiopentone 26 or calcium channel blockade 27 and later studies using hypothermia, 10, 11 most survivors in these trials consistently made a good recovery as defined by CPC. Thus, improved survival has not been accompanied by an increase in survivors with severe neurologic deficits. However, the observation that good outcome defined by CPC is almost identical to survival might call for tests and scales that can improve the discrimination of the degree of neurologic recovery. The mRS has a higher resolution than the CPC, and it is evident from our previous report that many patients in the highest CPC (good cerebral performance) still have degrees of disability and dependence by their mRS score. 12 The patient description provided by the CPC and mRS may be improved further by neuropsychological testing, 28 and a meta-analysis 7 of several small detailed studies, using such tests, indicates that as many as half of the survivors of CA have measurable cognitive deficits. However, no neuropsychological test battery is generally accepted for survivors of CA because of their complexity and the availability of trained neuropsychologists.
As an alternative to neuropsychological testing, we used a novel approach for clinical outcome assessment in the TTM trial 29 and combined a performance outcome measure (MMSE) with information reported by a clinician (CPC and mRS), the patient (Two Simple Questions and SF-36v2), and an observer (IQCODE). From the clinician's perspective, outcome was good in 9 of 10 survivors. 12 The MMSE results of this study convey the same message, with a median score of 28, similar to an agematched control group. 30 Most survivors reported that they were independent in their daily activities, but one-third stated that they had not made a complete mental recovery after their CA. This finding was supported by the report of a relative or close acquaintance, observing a minor decline by IQCODE in half of the survivors and a moderate or severe decline in a quarter. In agreement with more detailed neuropsychological investigations, 7 it appears that subtle cognitive dysfunction may be missed by the standard follow-up instruments CPC and similar in the intervention groups, in both the primary analysis that included nonsurvivors and an analysis of survivors only. The IQCODE is developed for dementia screening 20 and has been used as a sensitive method to detect cognitive decline in patients with stroke. 32 To our knowledge, it has not been used pre- viously for describing patients after CA and requires further validation. Still, we propose that this questionnaire, directed to someone who has continuously followed up a patient's daily activities before and after their CA, may be more sensitive to subtle cognitive change than a categorical outcome scale or a screening test. In the primary analysis, including nonsurvivors, the IQCODE was identical in the intervention groups. However, there was a statistically significant median difference of 1.2 IQCODE points in favor of the 33°C regimen when analyzing survivors (P = .04). This statistical outcome must be interpreted cautiously because we did not correct P values for multiple analyses of trial outcomes, and our post hoc power calculation indicates insufficient power to detect a difference of less than 4.6 points in the IQCODE. In addition, a point estimate in the main outcome survival, indicating more deaths in the 33°C group, 12 makes between-group comparisons restricted to survivors prone to survival bias.
We note that more patients in the 33°C group had less than 12 years of education. This random bias may have affected the IQCODE results because informants of disproportionately highly educated patients might have recognized decline more easily. We therefore emphasize the uncertainty of any conjecture based on these results. Nevertheless, it is plausible that subgroups of patients with CA would benefit from temperature management at either 33°C or 36°C. A future challenge will be to identify these potential groups and perhaps allow for tailored therapies. 33 To our knowledge, this is the largest prospective study of cognitive outcome and quality of life to date in patients after out-of-hospital CA. The TTM trial included 4 of 5 patients admitted to the participating centers, and the results should therefore be considered generalizable.
The high rate of face-to-face follow-up reflected a priority given to cognitive testing as part of the trial. However, the optimum timing of patient assessment remains to be determined. Although survival and crude neurologic outcome might have reached steady state at 6 months, cognitive ability, quality of life, and capacity to return to work might change after a longer observation period.
We recognize the risk of bias in our results if informants noted the allocated temperature at the bedside during the intervention. They could have passed this information to our patients. Therefore, uncertain influences based on the knowledge of their treatment could have affected answers to the Two Simple Questions, the IQCODE, and the SF-36v2.
Conclusions
Quality of life was good and similar in patients with CA receiving TTM at 33°C or 36°C. Cognitive function was similar in both intervention groups, but many patients and observers reported impairment not detected previously by standard outcome scales.
